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A driving circuit of the invention is used for driving a display apparatus including pixels and data lines. 
The display apparatus displays an image with multiple gray scales in accordance with video data 
consisting of a plurality of bits. The driving circuit includes : an oscillating signal generating section for 
receiving original oscillating signals and for generating an oscillating signal T from the original 
oscillating signals in accordance with a value represented by bits selected from the bits of the video 
data ; an inversion section for producing an oscillating signal T-bar by inverting the oscillating signal T ; 
a gray-scale voltage specifying section for producing gray-scale voltage specifying signals which 
specify a first gray-scale voltage and a second gray-scale voltage among a plurality of gray-scale 
voltages supplied from a gray-scale voltage supply section, in accordance with video data consisting of 
bits other than the selected bits; and an output section for outputting the specified first gray-scale 
voltage and second gray-scale voltage to the data lines, in accordance with the oscillating signals T and 
T-bar. In the driving circuit each original oscillating signal has a first level value and a second level 
value, respective periods of the first level value in one cycle being different from each other, respective 
lengths of the periods of the first level value in one cycle being weighted in accordance with 
corresponding bits of the video data. 



LU 



BMSDOCID: <£P 0655726A1 J_> 



Jouve, 18, rue Saint-Dents, 75001 PARIS 



Best Available Coov 



i 

EP 0 655 726 A1 

FIG. 8 




r 



80 



2 



BNSDOCID: <EP 0655725Al_l_> 



EP 0 655 726 A1 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 The present invention relates to a driving circuit for a display apparatus. More particularly, the present in- 

vention relates to a driving circuit for an active matrix type liquid crystal display apparatus which displays an 
image with multiple gray scales in accordance with digital video signals. 

2. Description of the Related Art: 

10 

An active matrix type liquid crystal display apparatus includes a display panel and a driving circuit for driv- 
ing the display panel. The display panel includes a pair of glass substrates and a liquid crystal layer formed 
between the pair of glass substrates. On one of the pair of glass substrates, a plurality of gate lines and a 
plurality of data lines are formed. The driving circuit is disposed for every data line in the display panel, and 

15 the driving circuit applies a driving voltage to the liquid crystal layer of the display panel. The driving circuit 
includes a gate driver for selecting a plurality of switching elements connected to the gate lines and the data 
lines for every gate line, and a data driver for supplying a video signal corresponding to an image to pixel elec- 
trodes via the selected switching elements. 

Figure 21 shows a configuration for a part of a data driver in a prior art driving circuit The circuit 21 0 shown 

20 in Figure 21 outputs a video signal to one of a plurality of data lines. Accordingly, the data driver requires circuits 
210 the number of which is equal to the number of data lines provided in a display panel. For simplicity of ex- 
planation, it is herein assumed that video data consists of three bits (D 0 , D 1t D 2 ). On such an assumption, the 
video data may have eight values of 0 to 7, and a signal voltage supplied to each pixel is one of eight levels 
V 0 -V 7 . 

25 The circuit 210 includes a sampling flip-flop Ms MP , a holding flip-flop M H , a decoder DEC, and analog 

switches ASW 0 -ASW 7 . To each of the analog switches ASW 0 -ASW 7 , a corresponding one of external source 
voltages V 0 -V 7 of the respective eight levels which are different from each other is supplied. In addition, to the 
analog switches ASW 0 -ASW 7t control signals S 0 -S 7 are supplied from the decoder DEC, respectively. Each 
of the control signals S 0 -S 7 is used for switching the ON/OFF state of the analog switch. 

30 Next, the operation of the circuit 210 is described. At the rising of a sampling pulse T S MPn corresponding 

to the nth pixel, the sampling flip-flop M 3MP gets video data (D 0 , D 1t D 2 ), and holds the video data therein. When 
such video data sampling for one horizontal period is completed, an output pulse signal OE is applied to the 
holding flip-flop M H . Upon receiving the output pulse signal OE, the holding flip-flop M H gets the video data 
(D 0 , D lP DJ from the sampling flip-flop M SMP , and transfers the video data to the decoder DEC. 

35 ' The decoder DEC decodes the video data (D 0 , D,, D2), and produces a control signal for turning on one 
of the analog switches ASW 0 -ASW 7 in accordance with the respective values (0-7) of the video data (D 0 , D lP 
DJ. As a result, one of the external source voltages Vo-V 7 is output to a data line O n . For example, in the case 
where the value of the video data held in the holding flip-flop M H is 3, the decoder DEC outputs a control signal 
S 3 which turns on the analog switch ASW 3 . As a result, the analog switch ASW 3 becomes into the ON-state, 

40 and V 3 of the external source voltages V 0 -V 7 is output to the data line O n . 

Such a prior art data driver involves a problem in that as the number of bits in video data increases, the 
circuit configuration becomes complicated and the size of the circuit is increased. This is because the prior art 
data driver requires gray-scale voltages the number of which is equal to the gray scales to be displayed. For 
example, in the case where the video data consists of 4 bits for displaying 16 gray-scale images, the number 

45 of required gray-scale voltages is: 2 4 = 16. Similarly, in the case where the video data consists of 6 bits for 
displaying 64 gray-scale images, the number of required gray-scale voltages is: 2 s = 64. In the case of 8-bit 
video data for displaying 256 gray-scale images, the number of required gray-scale voltages is: 2 8 = 256. As 
described above, the prior art data driver requires a large number of gray-scale voltages as the number of bits 
of video data increases. This causes the circuit configuration to be complicated and the circuit size to be in- 

50 creased. Moreover, interconnections between voltage source circuits and analog switches are also complicat- 
ed. 

For the above-mentioned reasons/the actual application of such a prior art data driver is limited to 3-bit 
video data or 4-bit video data. 

In order to solve such prior art problems, there have been proposed methods and circuits for driving a dis- 
55 play apparatus in Japanese Laid-Open Patent Publication Nos. 4-136983, 4-140787, and 6-27900. 

Figure 22 shows a configuration for a part of a driving circuit disclosed in Japanese Laid-Open Patent Pub- 
lication No. 6-27900. The circuit 220 shown in Figure 22 outputs a video signal to one of a plurality of data 
lines. Accordingly, the data driver requires circuits 220 the number of which is equal to the number of data lines 
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provided in a display panel. It is herein assumed that video data consists of 6 bits (D 0 , D 1( D 2 , D 3 , D 4 , D s ). On 
such an assumption, the video data may have 64 values of 0-63, and a signal voltage applied to each pixel is 
one of nine gray-scale voltages V 0 , V 8 , V 16t V 24 , V 32 , V^, V^, V^, and V^, and a plurality of interpolated voltages 
which are produced from the gray-scale voltages V 0 , V 8 , V 16 . V24, V^, V^, V^, V^, and VV 

5 The circuit 220 includes a sampling flip-flop M SHP , a holding flip-flop M H , a selection control circuit SCOL, 

and analog switches ASWo-ASW 8 . To each of the analog switches ASWq-ASW* a corresponding one of gray- 
scale voltages V 0 , V 8 , V 16 , V 24 , V^, V^, V^, Vse, and of respective levels which are different from each 
other is supplied. To the analog switches ASW 0 -ASW 8 , control signals S 0 . S 8 , S 16f S 24 , S^, 840, S^, and 
are supplied from the selection control circuit SCOL, respectively. Each of the control signals are used to 

w switch the ON/OFF state of the analog signal. 

To the selection control circuit SCOL, dock signals t 1( t 2 , t 3 , and t* are supplied. As is shown in Figure 23, 
the clock signals t lf t 2 , t 3 , and t« have duty ratios which are different from each other. The selection control 
circuit SCOL receives 6-bit video data d 5 , d 4 , d 3 , d 2 , d 1f and d 0 , and outputs one of control signals So, S 8t S 16 , 
S24. S^, S40, S^, Sss, and S w in accordance with the value of the received video data. The relationship between 

15 the input and the output of the selection control circuit SCOL is determined by using a logical table. 

Table 1 shows a logical table for the selection control circuit SCOL. The 1st to 6th columns of Table 1 in- 
dicate values of bits d 5 , d 4 , d 3 , d 2 , d 1t and do of the video data, respectively. The 7th to 15th columns of Table 
1 indicate values of control signals S 0 , S 8 , S 16 , S 24 , S^, S^, S^, Sse, and S w , respectively. Each blank in the 
7th to 15th columns in Table 1 means that the value of the control signal is 0. In addition, V indicates that the 

20 value of the control signal is 1 when the value of the clock signal tj is 1, and the value of the control signal is 
0 when the value of the clock signal tj is 0. Also, "tr-bar* indicates that the value of the control signal is 0 when 
the value of the dock signal t, is 1, and the value of the control signal is 1 when the value of the dock signal 
tj is 0. Herein, i = 1, 2, 3, and 4. Hereinafter, in this specification, it is defined that the notation 'X-bar* is equiv- 
alent to the notation in which X is provided with an upper horizontal bar. Note that X is an arbitrarily selected 

25 symbol. 
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As is seen from Table 1 , when the value of the video data is a multiple of 8, one of the gray-scale voltages 
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V 0 V w is output to the data line O n . When the value of the video data is not a multiple of 8, an oscillating 

voltage which oscillates between a pair of gray-scale voltages V 0 , V w at a duty ratio of one of the clock 
signals t 1t t 2 , t 3 , and t* is output to the data line O n . The data driver produces seven different oscillating voltages 
between respective adjacent gray-scale voltages, in accordance with the logical table of Table 1. Thus, it is 
5 possible to attain 64 gray- scale images by using only 9 levels of gray-scale voltages. 

The following equations are logical equations which define the relationships among the video data d 5 , d 4 , * 
d 3 , d 2 , d 1t and do, the clock signals t 1t t 2 , t 3 , and U, and the control signals S 0 , S 8 , S 16t S 24 , S 32 , S^, S^, 
and Ss4 shown in Table 1. 

So = {0} + {1}t, ♦ {2}t 2 + {3}t 3 + {4}t4 + {5}%" + 

to {6}v + {7)"tr (1) 

S 8 ={1}V + {2}V + {3}V ♦ {4}V + {5}t 3 + 
{6}t 2 + {7)1, + {8} + {9}t, + {10}t 2 + {11}t 3 + 
{12}U + {13}%" + {14}%' + {IS}"!/ (2) 

s,« = {9}%- + {io>v + {ii>v + P2)v + {i3jt 3 

15 + {14}t 2 + {15ft + {16} + {17ft + {18}t 2 

+ {19}t 3 + {20}t4 + {21}%" + {22} V + {23}"t,- (3) 
Similarly, the control signals S 24 , S 32 , S40, and are defined. The control signals Sse and are defined 
as follows. 

Sse = {49}%" + {50}%" + {51}V + {52}%" 
20 + {53}t 3 + {54}t 2 + {55}t 1 + {56} + {57ft 

+ {58}t 2 + {59}t 3 + {60}t 4 + {61}"t 3 " + {62}%" 

+ {63} V (4) 
Se4 = {57}%" + {58}%" + {59}%- + {60}%" 
+ {61}t 3 + {62}t, + {63ft (5) 
25 In the above equations, {i} indicates a value when the binary data (d 5 , d 4 , d 3 , d 2 , d 1t d 0 ) is represented in 

the decimal notation. For example, {1} = (d 5 , d 4 , d 3 , d 2l d 1f d 0 ) = ( 0, 0, 0, 0, 1). In addition, %" indicates a signal 
which is inverted from the signal tj. 

On the basis of the above logical equations, logical circuits shown in Figures 24 and 25 are obtained. The 
selection control circuit SCOL is constructed by the logical circuits shown in Figures 24 and 25. 
30 The logical circuit shown in Figure 24 produces 64 kinds of gray-scale selection data {0} - {63} in accor- 

dance with the value of 6-bit video data (6$, d 4l d 3f d 2 , d 1t d 0 ). The logical circuit shown in Figure 25 produces 
control signals S 0 , S 8 ; S 16 , S 24 , S 32 , S^, S^, and S^, based on the gray-scale selection data {0} - {63} 
and the clock signals t,, t 2 , t 3 , and t*. For example, a case where the video data (d 5 , d 4 , d 3 , d 2 , d 1( d 0 ) = (0, 0, 
0, 0, 0, 1) is input to the selection control circuit SCOL is explained. In such a case, the logical circuit shown 
35 in Figure 24 outputs the gray-scale selection data {1}. The logical circuit shown in Figure 25 receives the gray- 
scale selection data {1} and alternately outputs the control signal So and the control signal S 8 at a duty ratio 
of the clock signal t 1( As a result, the gray-scale voltage V 0 and the gray-scale voltage V a are alternately output 
via the analog switch ASW 0 and the analog switch ASW, at the duty ratio of the clock signal t, to the data line 

o„. 

40 The actual data driver requires the selection control circuits SCOL the number of which is equal to the 

number of data lines. Thus, the circuit scale of the selection control circuit SCOL largely affects the chip size 
of the integrated circuit (LSI) on which the data driver is installed. If the circuit scale of the selection control 
circuit SCOL becomes large, the cost for the integrated circuit is increased. Moreover, if the number of bits of 
video data increases in order to realize an image of high resolution, the circuit scale of the data driver is further 

45 increased. This also increases the size and the production cost of the integrated circuit. 

SUMMARY OF THE INVENTION 

The driving circuit of the invention is used for driving a display apparatus which includes pixels and data 
50 lines for applying voltages to the pixels and which displays an image with multiple gray scales in accordance 
with video data consisting of a plurality of bits. The driving circuit includes: oscillating signal generating means 
for receiving a plurality of original oscillating signals and for generating an oscillating signal T from the plurality 
of original oscillating signals in accordance with a value represented by bits selected from the plurality of bits 
of the video data; inversion means for producing an oscillating signal T-bar by inverting the oscillating signal 
55 T; gray-scale voltage specifying means for producing gray-scale voltage specifying signals which specify a 
first gray-scale voltage and a second gray-scale voltage among a plurality of gray-scale voltages supplied from 
gray-scale voltage supply means, in accordance with a value represented by bits other than the selected bits 
of the plurality of bits of the video data; and output means for outputting the first gray-scale voltage and the 
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second gray-scale voltage specified by the gray-scale voltage specifying signals to the data lines, in accor- 
dance with the oscillating signal T and the oscillating signal T-bar, wherein each of the plurality of original os- 
cillating signals has one of a first level value and a second level value, respective periods in which the plurality 
of original oscillating signals have the first level value in one cycle being different from each other, respective 

5 lengths of the periods in which the plurality of original oscillating signals have the first level value in one cycle 
being weighted in accordance with corresponding bits of the plurality of bits of the video data. 

In one embodiment of the invention, the first gray-scale voltage and the second gray-scale voltage are 
adjacent ones of the plurality of gray-scale voltages. 

In another embodiment of the invention, the plurality of oscillating signals have respective duty ratios which 

10 are different from each other. 

In another embodiment of the invention, at least one of the plurality of oscillating signals is an inverted 
signal which is obtained by inverting another one of the plurality of oscillating signals. 

In another embodiment of the invention, the plurality of oscillating signals include oscillating signals having 
duty ratios of 8:0, 7:1, 6:2, 5:3, 4:4, 3:5, 2:6, and 1:7, respectively. 

is In another embodiment of the invention, the video data consists of (x+y) bits, where each of x and y is a 

positive integer, the gray-scale voltage specifying means produces (2*+1) kinds of gray-scale voltage speci- 
fying signals for specifying 2 X pairs of a first gray-scale voltage and a second gray-scale voltage among the 
plurality of gray-scale voltages, the oscillating signal generating means generates 2* kinds of oscillating signals 
T, whereby (2v-1 ) intermediate voltages of levels different from each other are generated between the first gray- 

20 scale voltage and the second gray-scale voltage specified by the gray-scale voltage specifying means, thereby 
displaying an image with 2<* + y> gray scales. 

In another embodiment of the invention, the number of the plurality of original oscillating signals is equal 
to the number of the selected bits among the plurality of bits of the video data. 

According to another aspect of the invention, a driving circuit used for driving a display apparatus which 

25 includes pixels and data lines for applying voltages to the pixels and which displays an image with multiple 
gray scales in accordance with video data consisting of a plurality of bits is provided. The driving circuit includes: 
control signal generating means for generating a plurality of control signals in accordance with video data con- 
sisting of a plurality of bits; and a plurality of switching means, each of the plurality of switching means being 
supplied with a corresponding one of the plurality of control signals and a corresponding one of a plurality of 

30 gray-scale voltages generated by gray-scale voltage generating means, the gray-scale voltage supplied to the 
switching means being output to the data lines via the switching means in accordance with the control signal 
supplied to the switching means, wherein the control signal generating means includes: oscillating signal gen- 
erating means for receiving a plurality of original oscillating signals and for generating an oscillating signal T 
from the plurality of original oscillating signals in accordance with a value represented by bits selected from 

35 the plurality of bits of the video data; inversion means for producing an oscillating signal T-bar by inverting the 
oscillating signal T; gray-scale voltage specifying means for producing gray-scale voltage specifying signals 
which specify a first gray-scale voltage and a second gray-scale voltage among a plurality of gray-scale vol- 
tages supplied from gray-scale voltage supply means, in accordance with a value represented by bits other 
than the selected bits of the plurality of bits of the video data; and output means for outputting a first control 

40 signal which oscillates at a duty ratio substantially equal to that of the oscillating signal T to the switching means 
which are supplied with the first gray-scale voltage specified by the gray-scale voltage specifying signals and 
for outputting a second control signal which oscillates at a duty ratio substantially equal to that of the oscillating 
signal T-bar to the switching means which are supplied with the second gray-scale voltage specified by the 
gray-scale voltage specifying signals, wherein each of the plurality of original oscillating signals has one of a 

45 first level value and a second level value, respective periods in which the plurality of original oscillating signals 
have the first level value in one cycle being different from each other, respective lengths of the periods in which 
the plurality of original oscillating signals have the first level value in one cycle being weighted in accordance 
with corresponding bits of the plurality of bits of the video data. 

In one embodiment of the invention, the first gray-scale voltage and the second gray-scale voltage are 

so adjacent ones of the plurality of gray-scale voltages. 

In another embodiment of the invention, at least one of the plurality of oscillating signals is an inverted 
signal which is obtained by inverting another one of the plurality of oscillating signals. 

In another embodiment of the invention, the plurality of oscillating signals include oscillating signals having 
duty ratios of 8:0, 7:1, 6:2, 5:3, 4:4, 3:5, 2:6, and 1:7, respectively. 

55 in another embodiment of the invention, the video data consists of (x+y) bits, where each of x and y is a 

positive integer, the gray-scale voltage specifying means produces (2 X +1) kinds of gray-scale voltage speci- 
fying signals for specifying 2* pairs of a first gray-scale voltage and a second gray-scale voltage among the 
plurality of gray-scale voltages, the oscillating signal generating means generates 2* kinds of oscillating signals 
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T, whereby (2M) intermediate voltages of levels different from each other are generated between the first gray- 
scale voltage and the second gray-scale voltage specified by the gray-scale voltage specifying means, thereby 
displaying an image with 2<* + y> gray scales. 

In another embodiment of the invention, the number of original oscillating signals is equal to the number 
5 of the selected bits of the plurality of bits of the video data. 

In another embodiment of the invention, the switching means is an analog switch. 

A display apparatus displays an image with multiple gray scales in accordance with video data consisting 
of a plurality of bits. The display apparatus includes a display section having a plurality 'of pixels arranged in 
a matrix and a plurality of data lines for applying voltages to the plurality of pixels, and a driving circuit for driving 
w the display section. 

The driving circuit according to the invention includes oscillating signal specifying means, gray-scale vol- 
tage specifying means, and output means. The oscillating signal specifying means specifies one of a plurality 
of oscillating signals having mean values different from each other, in accordance with a value represented 
by bits selected from a plurality of bits of the video data. The gray-scale voltage specifying means specifies 

is a pair of gray-scale voltages from a plurality of gray-scale voltages, in accordance with a value represented 
by the remaining bits other than the above-selected bits. The output means outputs oscillating voltages which 
oscillate between the pair of gray-scale voltages to data lines, based on the specified oscillating signal and 
the specified pair of gray-scale voltages. Accordingly, it is possible to realize a plurality of interpolated gray 
scales between the gray scales corresponding to the plurality of given gray-scale voltages. 

20 The plurality of oscillating signals may alternatively be generated by combining a predetermined number 

of oscillating signals. By reducing the number of oscillating signals, the scale of the driving circuit can be re- 
duced. 

According to the driving circuit of the invention, by using the gray-scale voltage specifying means and the 
oscillating signal specifying means, it is possible to design a logical circuit in the same manner in both cases 
25 where the driving circuit directly outputs one of the plurality of gray-scale voltages and where the driving circuit 
alternately outputs the specified pair of gray-scale voltages. 

Accordingly, it is unnecessary to provide an additional driving circuit depending on the cases where the 
driving circuit directly outputs one of the plurality of gray-scale voltages and where the driving circuit alternately 
outputs the specified pair of gray-scale voltages. As a result, it is possible to simplify the configuration of the 
30 driving circuit, and the size of the driving circuit can be minimized. 

Thus, the invention described herein makes possible the advantage of providing a driving circuit for a dis- 
play apparatus, which has a simplified and small construction, and which can display an image with multiple 
gray scales in accordance with multi-bit video data. 

This and other advantages of the present invention will become apparent to those skilled in the art upon 
35 reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the construction of a liquid crystal display apparatus. 
40 Figure 2 is a timing diagram illustrating the relationship among input data, sampling pulses, and an output 

pulse in one horizontal period. 

Figure 3 is a timing diagram illustrating the relationship among input data, an output pulse, an output vol- 
tage, and a gate pulse in one vertical period. 

Figure 4 is a timing diagram illustrating the relationship among input data, an output pulse, an output vol- 
45 tage, a gate pulse, and a voltage applied to a pixel in one vertical period. 

Figure 5 is a waveform chart of an output voltage oscillating in one output period. 

Figure 6 is a diagram showing a part of a configuration for a data driver in a driving circuit in Example 1 
according to the invention. 

Figure 7 is a diagram showing a part of a configuration for a selection control circuit SCOL in the driving 
so circuit in Example 1 according to the invention. 

Figure 8 is a diagram showing another part of the configuration of the selection control circuit SCOL in 
the driving circuit in Example 1 according to the invention. 

Figure 9 is a diagram showing another part of the configuration of the selection control circuit SCOL in 
the driving circuit in Example 1 according to the invention. 
55 Figure 10 is a diagram showing another part of the configuration of the selection control circuit SCOL in 

the driving circuit in Example 1 according to the invention. 

Figure 11 is a diagram showing a part of a configuration for a data driver in a driving circuit in Example 2 
according to the invention. 

8 
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Figure 1 2 is a diagram showing a configuration of an oscillating signal generation circuit in the driving circuit 
in Example 2 according to the invention. 

Figure 13 is a waveform chart of oscillating signals used by the oscillating signal generation circuit. 

Figure 14 is a waveform chart of oscillating signals generated by the oscillating signal generation circuit. 
5 Figure 15 is a diagram showing a part of a configuration of a selection control circuit SCOL in the driving 

circuit in Example 2 according to the invention. 

Figure 16 is a diagram showing another part of the configuration of the selection control circuit SCOL in 
the driving circuit in Example 2 according to the invention. 

Figure 17 is a diagram showing the configuration of an oscillating signal generation circuit in a driving circuit 
10 in Example 3 according to the invention. 

Figure 18 is a diagram showing the conf iguration of an oscillating signal generation circuit in a driving circuit 
for 6 bits according to the invention. 

Figure 19 is a diagram showing a part of a configuration of a selection control circuit SCOL in the driving 
circuit for 6 bits according to the invention. 
15 Figure 20 is a diagram showing another part of the configuration of the selection control circuit SCOL in 

the driving circuit for 6 bits according to the invention. 

Figure 21 is a diagram showing a part of a configuration for a data driver in a conventional driving circuit. 

Figure 22 is a diagram showing a part of a configuration of a data driver in a driving circuit of a related art. 

Figure 23 is a waveform chart of signals t r t* supplied to a selection control circuit SCOL in a conventional 
20 driving circuit. 

Figure 24 is a diagram showing a part of a configuration of a selection control circuit SCOL in a conven- 
tional driving circuit. 

Figure 25 is a diagram showing another part of the configuration of a selection control circuit SCOL in a 
conventional driving circuit. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be described byway of illustrative examples in accordance with the 
accompanying drawings. In the following description, a matrix type liquid crystal display apparatus is used as 
30 an example of a display apparatus. It is appreciated that the present invention is also applicable to other types 
of display apparatus. 

Example 1 

35 Figure 1 shows a construction of a matrix type liquid crystal display apparatus. The liquid crystal display 

apparatus shown in Figure 1 includes a display section 100 for displaying a video image, and a driving circuit 
101 for driving the display section 100. The driving circuit 101 includes a data driver 102 which provides video 
signals to the display section 100 and a scanning driver 103 which provides scanning signals to the display 
section 100. The data driver may be called "a source driver* or "a column driver". The scanning driver may be 

40 called "a gate driver" or "a row driver*. 

The display section 100 includes an M x N array of pixels 104 (M pixels in each column and N pixels in 
each row; where M and N are positive integers), and also includes switching elements 105 respectively con- 
nected to the pixels 104. 

In Figure 1, N data lines 106 are used for connecting respective output terminals S(i) (i = 1 . 2 N) of the 

45 data driver 102 to the corresponding switching elements 105. Similarly, M scanning lines 107 are used for con- 
necting respective output terminals G(j) 0 = 1,2 M) of the scanning driver 103 to the corresponding switch- 
ing elements 105. As the switching elements 105, thin film transistors (TFTs) can be used. Alternatively, other 
types of switching elements may also be used. The data line may be called "a source line" or "a column line". 
The scanning line may be called "a gate line" or "a row line", 
so The scanning driver 103 sequentially outputs a voltage which is kept at a high level during a specific time 
period from its output terminals G{j) to the corresponding scanning lines 107. The specific time period is re- 
ferred to as one horizontal period jH (where j is an integer of 1 to M). The total length of time obtained by adding 
up all the horizontal periods jH (i.e., 1H + 2H + 3H + ... + MH), a blanking period and a vertical synchronizing 
period is referred to as one vertical period. 
55 When the level of the voltage which is output from the output terminal G(j) of the scanning driver 103 to 
the scanning line 107 is high, the switching element 105 connected to the output terminal GO) is in the ON- 
state. When the switching element 105 is in the ON-state, the pixel 104 connected to the switching element 
105 is charged in accordance with the voltage which is output from the output terminal S(i) of the data driver 

9 



BNSDOCIO: <EP 0655726A1_L> 



EP 0 655 726 A1 



1 02 to the corresponding data line 106. The voltage of the thus charged pixel 1 04 remains unchanged for about 
one vertical period until it is charged again by the subsequent voltage to be supplied from the data driver 102. 

Figure 2 shows the relationship among digital video data DA, sampling pulses T smpi , and an output pulse 
signal OE, during the jth horizontal period jH determined by a horizontal synchronizing signal H syn . As can be 

5 seen from Figure 2, while sampling pulses T Sfnp1( T^, ... and T smpN are sequentially applied to the 

data driver 102, digital video data DA„ DAj DA, and DAn are fed into the data driver 102 accordingly. ' 
The jth output pulse OEj determined by the output pulse signal OE is then applied to the data driver 102. On 
receiving the jth output pulse OE jf the data driver 102 outputs voltages from its output terminals S(i) to the 
corresponding data lines 106. 

10 Figure 3 shows the relationship among the horizontal synchronizing signal H syn , the digital video data DA, 

the output pulse signal OE, and the output timing of the data driver 102 and the output timing of the scanning 
driver 103, during one vertical period determined by a vertical synchronizing signal V ayn . In Figure 3. a 
SOURCE(j) indicates a level range of voltages output from the data driver 102, with such timing as shown in 
Figure 2 and in accordance with the digital video data applied during the horizontal period jH. The SOURCEQ) 

is is shown as a hatched rectangular area to indicate a level range of voltages output from all the N output ter- 
minals S(1) to S(N) of the data driver 102. While the voltages indicated by the SOURCE(j) are applied to the 
data lines 106, the voltage which is output from the jth output terminal G(j) of the scanning driver 103 to the 
jth scanning line 107 is changed to and kept at a high level, thereby turning on all the N switching elements 

105 connected to the jth scanning line 107. As a result, the N pixels 104 respectively connected to these N 
20 switching elements 105 are charged in accordance with the voltage applied to the corresponding data lines 

106 from the data driver 102. 

The above-described process is repeated M times, i.e., for the 1st to Mth scanning lines 107, so that an 
image corresponding to one vertical period is displayed. In the case of non-interlace type display apparatus, 
the produced image serves as a complete display image on the display screen thereof. 

25 In this specification, the time interval between the jth output pulse OEj and the (j+1)th output pulse OE j+1 

in the output pulse signal OE is defined as "one output period". This means that one output period is equal to 
a period represented by SOURCE(j) shown in Figure 3. In cases where usual line sequential scanning is per- 
formed, one output period is made equal to one horizontal period. The reason for this is as follows. While the 
data driver 102 outputs voltages corresponding to digital video data for one horizontal (scanning) line, to the 

30 data lines 106, it also performs sampling of digital video data for the next horizontal line. The maximum allow- 
able length of time during which these voltages can be output from the data driver 102 is equal to one horizontal 
period. Furthermore, except for special cases, as the output period becomes longer, the pixels can be charged 
more accurately. In this specification, therefore, one output period is assumed to be equal to one horizontal 
period. According to the present invention, however, one output period is not necessarily required to be equal 

35 to one horizontal period. 

Figure 4 shows, in addition to the timing of the respective signals shown in Figures 2 and 3, the levels of 
voltages which are applied to the pixels P (j, i) 0 = 1. 2, -, M) in accordance with the timing. 

Figure 5 shows an exemplary waveform for a voltage signal output from the data driver 102 to the data 
lines 106 in one output period. In the case of the conventional data driver, the voltage level of the voltage signal 

40 output to the data lines 106 is constant during one output period. On the other hand, from the data driver 102 
in this example according to the invention, the voltage signal output to the data lines 106 includes an oscillating 
component which oscillates during one output period. As is shown in Figure 5, the voltage signal is a pulse- 
like signal, and a ratio of a high-level period to a low-level period, i.e., a duty ratio n:m is selected as described 
below. 

45 Figure 6 shows a configuration for a part of the data driver 102 in the driving circuit 101, The circuit 60 

shown in Figure 6 outputs a video signal from an nth output terminal S(n) to one data line 106. The data driver 
1 02 includes circuits 60 the number of which is equal to the number of the data lines 106 provided in the display 
section 100. Herein, it is assumed that the video data consists of 6 bits (D<>, D u D 2 , D 3 , D 4 , D 5 ). On such an 
assumption, the video data may have 64 kinds of values of 0 - 63, and the voltage applied to each pixel is one 

50 of nine gray-scale voltages V 0 , V fl , V 1fl , V 24 , Vaa, V40, V48, Vse, and Vea, or interpolated voltages which are pro- 
duced from any pair of the gray-scale voltages chosen from V 0 , V 8) V 16i V 24 , V32, V^, V^, V^, and V^. 

The circuit 60 includes a sampling flip-flop M SMP which performs the sampling operation, a holding flip- 
flop M H which performs the holding operation, a selection control circuit SCOL, and analog switches ASW 0 - 
ASW 8 . To each of the analog switches ASW 0 -ASW 8 , a corresponding one of nine gray-scale voltages V 0 , V 8 , 

55 V 16 , V 24f V^, V40, V4* Vse, and V w is supplied. The gray-scale voltages VVV^ have respective levels which 
are different from each other. The selection control circuit SCOL is supplied with seven oscillating signals t r 
t 7 . The oscillating signals M 7 have respective duty ratios which are different from each other. 

As the sampling flip-flop M 3MP and the holding flip-flop M H , for example, D-type flip-flops can be used. It 
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is appreciated that such sampling and holding flip-flops can be realized by using other types of circuit elements. 

Next, by referring to Figure 6, the operation of the circuit 60 is described. At the rising of a sampling pulse 
TsMPn corresponding to the nth pixel, the sampling flip-flop M SMP gets video data (D 0 , D 1f D 2 , D 3 . D 4 , D 5 ), and 
holds the video data therein. When such video data sampling for one horizontal period is completed, an output 

5 pulse signal OE is applied to the holding flip-flop M H . When the output pulse signal OE is applied, the video 
data held in the sampling flip-flop M SMP is fed into the holding flip-flop M H and output to the selection control 
circuit SCOL The selection control circuit SCOL receives the video data, and produces a plurality of control 
signals in accordance with the value of the video data. The control signals are used for switching the ON/OFF 
states of the respective analog switches ASW 0 -ASW 8 . The video data input to the selection control circuit 

w SCOL is represented by d 0 , , d 2 , d 3 , d 4 . and d 5 , and the control signals output from the selection control circuit 
SCOL are represented by So, S 8 , S 16 . S 24 , S^, Sio. S^, and S^. 

Table 2 is a logical table for the lower three bits d 2 , 4, , and d 0 of the 6-bit video data. The 1 st to 3rd columns 
of Table 2 indicate the values of video data bits d 2 , d 1t and d 0 , respectively. The 4th to 11th columns of Table 
2 indicate which oscillating signal is specified from the oscillating signals to-t 7 . In the 4th to 11th columns of 

15 Table 2, the oscillating signal which is indicated by a value of 1 is specified. For example, in the case of (d 2( 
di, d 0 ) = (0, 0, 0), the oscillating signal to is specified. In this example, the oscillating signals to-t 7 are clock 
signals having duty ratios of 8:0, 7:1, 6:2, 5:3, 4:4, 3:5. 2:6, and 1:7, respectively. Herein, if an oscillating signal 
has a duty ratio of k:0 or 0:k (k is a natural number), the oscillating signal is defined as always being at a fixed 
level. The oscillating signals ts, te, and t 7 are the signals obtained by inverting the oscillating signals t 3 , t 2 , and 

20 t,. 
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From the logical table of Table 2, the following logical equation is obtained. 

T = (0)to + (1)t, + (2)t 2 + (3)t 3 + (4)U + (5)ts + (6)^ + (7)t 7 (6) 

In the above equation, (i) indicates a value of binary data <d 2 , d 1( d 0 ) which is represented in a decimal 
notation. That is, (0) = (d 2 , d 1f do) = (0, 0, 0), (1) = (d 2t d 1( d 0 ) = (0, 0, 1), (2) = (d 2 , d 1f d 0 ) = (0, 1, 0), (3) = (d 2l 
d 1( d 0 ) = (0, 1, 1), (4) = (d 2 , d 1f d 0 ) = (1,0, 0), (5) = (d 2t d 1f d 0 ) = (1,0, 1), (6) = (d 2 , d„ d 0 ) = (1, 1, 0), and (7) = 
(d 2 , d 1( d 0 ) = (1,1,1). 

The oscillating signal to is continually at a level of "1", so that Equation (6) can alternatively be represented 
as the following equation. 

T = (0) + (1)1! + (2)t 2 + (3)t 3 + (4)U + (5)t5 + (6)W + (7)t 7 (7) 

Table 3 is a logical table representing the relationships among the upper three bits d 5 , d 4 , and d 3 of the 6- 
bit video data, and the control signals S 0 , S 8 , S 16 , S 24 , S^, S40, S^, S56, and S M . In Table 3, a variable T denotes 
a signal T which is defined by Equation (6) or (7). A variable T-bar denotes an inverted signal T-bar obtained 
by inverting the signal T. 



55 



11 



BNSOOCID: <EP 06S5726A1 J_> 



EP 0 655 726 A1 



Table 3 
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From the logical table of Table 3, the following logical equations are obtained. 
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(8) 
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(14) 


S M = 


[48]"T + 


[56F 


(15) 



Se4 = [56]-T (16) 

In the above equations, [i] may be a value of logic-0 or logic-1 , and j is a value of binary data (d 5 , d 4 . d 3 ) 
which is represented in a decimal notation. When i = (8 x j), [i] = logic-l. and otherwise [i] = logic-0. For example, 

30 t 8 l = "^s" ■ "d 4 " * d 3 . In addition, T denotes an inverted signal of the signal T. 

In accordance with the respective logical equations which are described above, logical circuits 70, 80, 90. 
and 95 shown in Figures 7 through 10 are obtained. The selection control circuit SCOL is constructed, for ex- 
ample, by the logical circuits 70, 80, 90, and 95 shown in Figures 7 through 10. 

The logical circuit 70 shown in Figure 7 selectively outputs oscillating signal specifying signals (0)-(7) for 

J5 specifying one of a plurality of oscillating signals to-t 7 , in accordance with the lower 3 bits d 2 , d 1t and d 0 of the 
video data. More specifically, the video data d 2 , d 1p and d 0 and the inverted signals which are respectively ob- 
tained by inverting the video data d 2 , d 1t and do by inverter circuits INVo, INV 1( and INV 2 are input into AND 
circuits AG0-AG7 in such combinations that constitute 0-7 in binary notation. The oscillating signal specifying 
signals (0)-(7) are thus obtained as the outputs of the AND circuits AG0-AG7. 

40 The logical circuit 80 shown in Figure 8 specifies one of the plurality of oscillating signals to-t 7 in accordance 
with the oscillating signal specifying signals, and produces the specified oscillating signal T and the inverted 
oscillating signal T-bar which is obtained by inverting the specified oscillating signal T by an inverter circuit 
INVj. More specifically, the oscillating signal specifying signals (0)-(7) and the oscillating signals t r t 7 are input 
into AND circuits BG^BGy, respectively, as is shown in Figure 8. The outputs of the AND circuits BG r BG7 

45 are supplied to an OR circuit CG. The oscillating signal T and the inverted oscillating signal T-bar are obtained 
as the output of the OR circuit CG. 

The logical circuit 90 shown in Figure 9 selectively outputs gray-scale voltage specifying signals [0], [8), 
[16], [24], [32], [40], [48], and [56] for specifying a parr of gray-scale voltages from among a plurality of gray- 
scale voltages, in accordance with the upper three bits d 5 , d 4l and d 3 of the video data. More specifically, the 

50 video data d 5 , d 4f and d 3 and the inverted signals which are respectively obtained by inverting the video data 
d 5 , d 4 , and d 3 by inverter circuits INV* INV 5 , and INV 4 are input to AND circuits DG0-DG7 in such combinations 
which constitute 0-7 in the binary notation. As the outputs of the AND circuits DGo-DG 7 , the gray-scale voltage 
specifying signals [0], [8], [16], [24], [32], [40], [48], and [56] are obtained. 

The logical circuit 95 shown in Figure 10 selectively outputs the control signals So-S^, in accordance with 

55 the gray-scale voltage specifying signals [0], [8], [16], [24], [32], [40], [48], and [56], the oscillating signal T, 
and the inverted oscillating signal T-bar. More specifically, the gray-scale voltage specifying signals [0], [8], 
[16], [24], [32], [40], [48], and [56], and the oscillating signal T are input into AND circuits EG 0 , EG 2 , EG 4 , EG fl , 
EG 8l EG 10 , EG 12 , and EG| 4 , respectively. The gray-scale voltage specifying signals [0], [8], [16], [24], [32], [40], 
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[48], and [56] and the inverted oscillating signal T-bar are input into AND circuits EG 1( EG 3 , EG 8( EG?, EG*, 
EG 11f EG 13 , and EG 15 , respectively. The outputs of the AND circuits EG, and EG 2 are coupled to the inputs of 
an OR circuit FG 1f respectively. The outputs of the AND circuits EG 3 and EG 4 are coupled to the inputs of an 
OR circuit FG 2 , respectively. The outputs of the AND circuits EG S and EG 6 are coupled to an OR circuit FG 3 , 
5 respectively. The outputs of the AND circuits EGj and EG 8 are coupled to the inputs of an OR circuit FG 4 , re- 
spectively. The outputs of the AND circuits EG* and EG 10 are coupled to the inputs of an OR circuit FG 3 , re- 
spectively. The outputs of the AND circuits EG 1t and EG 12 are coupled to the inputs of an OR circuit FGg, re- 
spectively. The outputs of the AND circuits EG 13 and EG 14 are coupled to the inputs of an OR circuit FG7, re- 
spectively. As the outputs of the AND circuit EG 0 , the OR circuits FG r FG 7 , and the AND circuit EG 15 , the control 
10 signals S 0 , S 8 , Siet S 24 , S32, S^, S^, S56, and are obtained. 

The control signals S 0 , S 8 , S 16 , S 24 , S32, S^, S^, S 56 , and are supplied to the corresponding analog 
switches ASW 0 -ASW 8 . Each of the control signals S 0 , S 8 , S 16? S 24 . S 32 , S^, S^, S^, and has either a high- 
level value or a low-level value. For example, if the control signal is at a high level, the corresponding analog 
switch is controlled to be in the ON-state. If the control signal is at a low level, the corresponding analog switch 
15 is controlled to be in the OFF-state. Alternatively, the relationship between the level of the control signal and 
the ON/OFF state of the analog signal can be set in a reverse manner. 

As described above, in the case where video data consists of a plurality of bits, a waveform of an oscillating 
voltage is specified in accordance with video data consisting of at least one bit selected from the plurality of 
bits. Then, in accordance with video data consisting of bits other than the above selected bit(s), a pair of gray- 
20 scale voltages are specified from a plurality of gray-scale voltages. As a result, a voltage signal of an appro- 
priate level can be output for every value of video data. The oscillating voltage is used for realizing a plurality 
of interpolated gray-scale voltages between the specified pair of gray-scale voltages which are specified from 
among the plurality of gray-scale voltages. 

In the case where the value of the video data is a multiple of 8, only one of the plurality of gray-scale vol- 
25 tages may be output. In such a case, the duty ratio n:m of the oscillating signal or the control signal is interpreted 
to be k:0 or 0:k (k is a natural number). 

Alternatively, regardless of whether the value of the video data is a multiple of 8 or not, the specified pair 
of gray-scale voltages among the plurality of gray-scale voltages may be alternately output 

In the case where such an oscillating voltage is output to the data line of the display apparatus, the AC 
30 component of the oscillating voltage is suppressed due to the characteristics of a low-pass filter based on a 
resistance component and a capacitance component existing between the data line and the pixel. As a result, 
a voltage which is substantially equal to a mean value of the oscillating voltage is applied to the pixel. Thus, 
it is possible to attain the same effects as those in the case where a DC voltage is output to the data line of 
the display apparatus. 

35 As described above, the selection control circuit SCOL according to the invention constructed of the logical 

circuits 70, 80, 90, and 95 shown in Figures 7 through 10 has a simplified construction as compared with the 
conventional selection control circuit SCOL shown in Figure 22 which is constructed of the logical circuits 
shown in Figures 24 and 25. According to the invention, it is possible to display an image with multiple gray 
scales, such as 64 gray scales, by using a driving circuit having a more simplified construction. For example, 

40 in order to realize a display image with 64 gray scales, only 9 kinds of gray-scale voltages are required. 

In the oscillating signals t r t 7 , the oscillating signals ts-t 7 are the signals inverted from the oscillating signals 
t r t 3 . Therefore, by inverting the oscillating signals t r t 3 , the oscillating signals ts-t 7 are obtained in the inside 
of the selection control circuit SCOL In such a case, it is sufficient to supply only the oscillating signals t,-U 
to the selection control circuit SCOL. Thus, it is possible to reduce the number of lines for supplying the oscil- 

45 lating signals to the selection control circuit SCOL. 

The actual data driver requires selection control circuits SCOL the number of which is equal to the number 
of data lines. Thus, the circuit scale of the selection control circuits SCOL largely affects the chip size of an 
integrated circuit (LSI) on which a data driver is installed. According to the invention, it is possible to significantly 
reduce the size of the integrated circuit including the selection control circuits SCOL. As a result, the production 

so cost of the integrated circuit can be decreased. In cases where the number of bits of video data is increased 
in order to realize an image of high resolution, such miniaturization of the circuit scale of the data driver is of 
great use. Accordingly, it is possible to make further progress in the size and cost reduction of the integrated 
circuit. 

In the driving circuit in Example 1 described above, a pair of gray-scale voltages are specified from the 
55 plurality of gray-scale voltages, based on the upper three bits D 5 , D 4 , and D 3 of the 6-bit video data D 0 , D, , D 2( 
D 3 , D 4 , and D 5 . A pair of analog switches corresponding to the specified pair of gray-scale voltages are driven 
at a duty ratio corresponding to the lower three bits D 2 , D 1f and D 0 . However, the invention is not limited to 
this manner. 
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In general, the present invention can be applied to a driving circuit for driving a display apparatus in ac- 
cordance with (x+y) bits. The display apparatus displays an image with 2<**y> gray scales. Herein, x and y are 
desired positive integers. In the driving circuit according to the invention, a pair of gray-scale voltages among 
a plurality of gray-scale voltages are specified, based on a value represented by the upper x bits. The required 

5 number of gray-scale voltages is (2*+1 ) f and a gray-scale voltage pair is specified from 2 X gray-scale voltage 
pairs. A pair of analog switches corresponding to the specified gray-scale voltages are driven at a duty ratio 
corresponding to a value represented by the lower y bits. As a result, between the specified pair of gray-scale 
voltages, (2M) intermediate voltages can be obtained. Therefore, the number of obtainable intermediate vol- 
tage is 2 X (2M). The mean values of these intermediate voltages are different from each other. 

w In order to display an image with 64 gray scales, x and y are selected to be 3 and 3, respectively. This is 

identical with the above described example. In such a case, 9 (= 2 3 +i) gray-scale voltages are supplied to the 
respective analog switches. Based on a value represented by the upper three bits, a gray-scale voltage pair 
is specified from 8 (= 2 3 ) gray-scale voltage pairs. A pair of analog switches corresponding to the specified 
pair of gray-scale voltages are driven at a duty ratio corresponding to a value represented by the lower three 

is bits. Such a driving requires 7 (= 2 3 -1) oscillating signals having mean values which are different from each 
other. However, three of the seven oscillating signals are obtained by inverting the other oscillating signals. 
Therefore, the number of oscillating signals which are actually required is 4 (= 7-3). Accordingly, it is possible 
to obtain 7 (= 2 3 -1) intermediate voltages between the specified pair of gray-scale voltages. 

Similarly, in order to display an i mage with 256 gray scales, x and y are selected to be 3 and 5, respectively. 

20 In such a case, 9 (= 2 3 +1 ) gray-scale voltages are supplied to the respective analog switches. Based on a value 
represented by the upper three bits, a gray-scale voltage pair is specified from 8 (= 2 3 ) gray-scale voltage pairs. 
A pair of analog switches corresponding to the specified pair of gray-scale voltages are driven at a duty ratio 
corresponding to a value represented by the lower five bits. Such a driving requires 31 (= 2 5 -1) oscillating sig- 
nals having mean values which are different from each other. However, fifteen of the thirty-one oscillating sig- 

25 nals are obtained by inverting the other oscillating signals. Therefore, the number of oscillating signals which 
are actually required is 16 (= 31-15). Accordingly, it is possible to obtain 31 (= 2M) intermediate voltages be- 
tween the specified pair of gray-scale voltages. 

Example 2 

30 

As described above, when the video data is composed of 6 bits, it is necessary to supply 7 oscillating sig- 
nals t r t 7 to the selection control circuit SCOL. However, the oscillating signals ts-t 7 are obtained by inverting 
the oscillating signals t r ^ f so that it is sufficient to supply only four oscillating signals t,-U to the selection con- 
trol circuit SCOL. As the number of bits of the video data increases, the required number of oscillating signals 

35 also increases. This results in the increase in number of lines for supplying the oscillating signals to the se- 
lection control circuit SCOL. For example, when the video data is composed of 8 bits, 31 oscillating signals 
t r t 31 are required. Even if the inverted signals are utilized, 16 oscillating signals t r t 16 are required. 

The aim of the driving circuit of this example is to reduce the number of oscillating signals. Hereinafter, 
the configuration of the driving circuit of this example will be described. 

40 Figure 11 shows the configuration of a circuit corresponding to one output of an 8-bit data driver. The con- 

figuration is similar to that of the circuit 60 shown in Figure 6, so that the detailed description thereof is omitted. 
To the selection control circuit SCOL, oscillating signals to-t* are supplied. These oscillating signals may be 
generated in the driving circuit or may be input from the outside of the driving circuit. The selection control 
circuit SCOL has an oscillating signal generation circuit for combining a required number of oscillating signals 

45 based on the oscillating signals to-U. 

Figure 12 shows the configuration of the oscillating signal generation circuit 120. The oscillating signal 
generation circuit 120 includes AND circuits FG 0 -FG 4 and an OR circuit FG 5 . The AND circuits FGo-FG 4 receive 
the lower five bits (d 0 , d 1( d 2 , d 3 . d 4 ) of the 8-bit video data, respectively. The AND circuits FG 0 -FG 4 also receive 
the oscillating signals to-U, respectively. The outputs of the AND circuits FGo-FG 4 are coupled to the inputs of 

50 the OR circuit FG* With this configuration, the oscillating signal (to-U) can pass through the corresponding 
AND circuit (FGo-FG 4 ), only when the received bit is 1 . The oscillating signals passed through the AND circuits 
FG<rFG4 are logically added to each other by the OR circuit FG* The output of the OR circuit FG 5 is an oscil- 
lating signal T. Also, an inverted oscillating signal T-bar is obtained by an inverter INV 5 . 

Each of the oscillating signals to-U is either a high-level value or a low-level value. The oscillating signals 

55 to-U are required to satisfy the following conditions. 

(1) The high-level periods of the oscillating signals to-U are not overlapped in one cycle. 

(2) The lengths of the high-level periods of the oscillating signals to-U in one cycle are weighted in accor- 
dance with the corresponding bits of the lower five bits. 
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It is easily appreciated by a person having ordinary skill in the art that the "high-level" can be replaced 
with the "low-lever in the conditions (1) and (2). 

Figure 13 shows exemplary waveforms of the oscillating signals to-U. In this example, the oscillating sig- 
nals to-U correspond to the lower five bits d 0 -d 4 of the 8-bit video data, respectively. The lower five bits d 0 -d 4 
5 correspond to 2°-2 4 , respectively. Accordingly, the lengths of the high-level periods of the oscillating signals 
to-U in one cycle are weighted in accordance with 2°-2 4 . In this example, if the length of the high-level period 
of the oscillating signal to is assumed to be 1 (= 2°), the length of the high-level period of the oscillating signal 
t, in one cycle is 2 (= 2 1 ), the length of the high-level period of the oscillating signal t 2 in one cycle is 4 (= 2 2 ), 
the length of the high-level period of the oscillating signal t 3 in one cycle is 8 (= 2 3 ), and the length of the high- 
10 level period of the oscillating signal U in one cycle is 16 (= 2 4 ). As a result, the mean values of the oscillating 
signals to-U in one cycle are 1/32, 2/32, 4/32, 8/32, and 16/32, respectively, assuming that, if the signal is kept 
at the high level in one cycle, the mean value of the signal is 1. 

By combining the oscillating signal Vt* in accordance with a value represented by the lower five bits d 0 - 
d 4 , the oscillating signal generation circuit generates oscillating signals T having respective mean values cor- 
15 responding to values represented by the lower five bits d 0 -d 4 . As described above, the oscillating signals to-ti 
are used as bases for generating a plurality of oscillating signals T. In this specification, the oscillating signals 
to-Li are referred to as "original oscillating signals". 

Figure 14 shows waveforms of oscillating signals T generated by the oscillating signal generation circuit, 
in accordance with the value represented by the lower five bits d 0 -d*. As shown in Figure 14, by combining the 
20 oscillating signals to-t», oscillating signals with mean values in one cycle which are substantially equal to 0/32, 
1/32, 2/32, 3/32, 28/32, 29/32, 30/32, 31/32. The signal which is kept at the low level in one cycle is regarded 
as an oscillating signal having a mean value of 0/32 in one cycle. 

The configuration of the oscillating signal generation circuit is not limited to that shown in Figure 12. The 
oscillating signal generation circuit can have a desirably selected circuit configuration, so far as the oscillating 
25 signal generation circuit is a logical circuit satisfying the following logical equation (17). 

T = d 0 to + d^ + d 2 t 2 + d 3 t 3 + d 4 t4 (17) 
Table 4 is a logical table showing the relationship among the upper three bits d 7 , d 6 , d 5 of the 8-bit video 
data, and the control signals S 0 , S 32 , S w , Sg* S 128 , S 160 , S 192 , S224 and output from the selection control 
circuit SCOL In Table 4, a variable T denotes a signal T defined by equation (17). A variable T-bar is an inverted 
30 signal T-bar obtained by inverting the signal T. 
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In this way, the operation of the selection control circuit SCOL can be expressed in one simplified logical 
table, as compared with the conventional case. 

From the logical table of Table 4, the following logical equations are obtained. 

So = PIT" (18) 
S*2 = [0]T + [32]T (19) 
Se* = [32]T + [64]"T (20) 
Sse = [64]T + [96]"T (21) 
S128 = [96]T + [128rT* (22) 
S 160 = [128JT + [160rT" (23) 
Sim = [160JT + [192IT" (24) 
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S224 = [192JT + [224]*T" (25) 
S256 = f224]T (26) 

In the above equations, [i] is either a value of logic-0 or logic-1, and j is a value of binary data (d 7 , d 6 , d 5 ) 
which is represented in a decimal notation. When i = (32 xj), {i] = logic-l, and otherwise [i] = logic-0. For example, 

5 [32] = "dy" • "de" * d 5 . In addition, T" denotes an inverted signal of the signal T. 

In accordance with the respective logical equations (18) through (26) which are described above, logical 1 
circuits 150 and 160 shown in Figures 15 through 16 are obtained. The selection control circuit SCOL is con- 
structed, for example, by the logical circuits 120, 150, and 160 shown in Figures 12, 15, and 16. 

The logical circuit 150 shown in Figure 15 selectively outputs gray-scale voltage specifying signals [0], 

w [32], [64], [96], [128], [160], [192], and [224] for specif ying a pair of gray-scale voltages from among a plurality 
of gray-scale voltages, in accordance with the upper three bits d 7 , d 6 , and d 5 of the video data. 

The logical circuit 160 shown in Figure 16 selectively outputs the control signals S 0 -S 25 5, in accordance 
with the gray-scale voltage specifying signals [0], [32], [64], [96], [128), [160], [192], and [224], the oscillating 
signal T, and the inverted oscillating signal T-bar. More specifically, the gray-scale voltage specifying signals 

« PI, [32], [64], [96], [128], [160], [192], and [224], and the oscillating signal T are input into AND circuits HG 1( 
HG 3 , HG 5 , HG 7 , HG9, HG t1 , HG 13 , and HG 15 , respectively. The gray-scale voltage specifying signals [0], [32], 
[64], [96], [128], [160], [192], and [224] and the inverted oscillating signal T-bar are input into AND circuits HG 0 , 
HG 2 , HG 4 , HG 6 , HG 8( HG 10 , HG 12( and HG 14 , respectively. The outputs of the AND circuits HG 1 and HG 2 are 
coupled to the inputs of an OR circuit IG 1t respectively. The outputs of the AND circuits HG 3 and HG 4 are cou- 

20 pled to the inputs of an OR circuit IG 2 , respectively. The outputs of the AND circuits HG S and HG 6 are coupled 
to an OR circuit IG 3 , respectively. The outputs of the AND circuits HG7 and HG 8 are coupled to the inputs of 
an OR circuit IG 4 , respectively. The outputs of the AND circuits HG* and HG 10 are coupled to the inputs of an 
OR circuit IG 5 , respectively. The outputs of the AND circuits HGn and HG 12 are coupled to the inputs of an 
OR circuit IG 6 , respectively. The outputs of the AND circuits HG 13 and HG 14 are coupled to the inputs of an 

25 OR circuit IG 7 , respectively. As the outputs of the AND circuit HG 0 , the OR circuits IGt-IGr, and the AND circuit 
HG 15 , the control signals So, S 32 , S^, S$q, S 128 , S^, S 192 , S224, and S256 are obtained. 

The control signals S 0 , S32, S^, S^, S 128 , S ieo . S 192 , S^, and S 256 are supplied to the corresponding analog 
switches ASWo-ASW 8 . Each of the control signals S 32 , S^, S^, S t28 , S 160 , S 182t S^, and has either 
a high-level value or a low-level value. For example, if the control signal is at a high level, the corresponding 

30 analog switch is controlled to be in the ON-state. If the control signal is at a low level, the corresponding analog 
switch is controlled to be in the OFF-state. Alternatively, the relationship between the level of the control signal 
and the ON/OFF state of the analog signal can be set in a reverse manner. For the practical LSI, the sizes of 
the logical circuits 120, 150, and 160 can be optimized using design rules for logical circuits. 

As described above, in cases where the video data consists of a plurality of bits, oscillating signals having 

35 specific waveforms are generated in accordance with video data consisting of at least one bit selected from 
the plurality of bits, and a pair of gray-scale voltages are specified from a plurality of gray-scale voltages in 
accordance with video data consisting of bits other than the above-selected bit(s). Thus, a voltage signal of 
an appropriate level can be output for every value of video data. The oscillating voltage is used for realizing a 
plurality of interpolated gray-scale voltages between the specified pair of gray-scale voltages which are spe- 

*o cif ied from among the plurality of gray- scale voltages. 

By implementing the logical table of Table 4 into logical circuits, it is possible to realize an 8-bit data driver 
which outputs 31 oscillating voltages which periodically oscillates between the gray-scale voltage and the 
gray-scale voltage V 32(rH>n . In the case where such an oscillating voltage is applied to the data line of the display 
apparatus, the AC component of the oscillating voltage is suppressed due to the characteristics of a low-pass 

45 filter based on a resistance component and a capacitance component existing between the data line and the 
pixel. As a result a voltage which is substantially equal to a mean value of the oscillating voltage is applied to 
the pixel. Thus, voltages shown in Table 5 are applied, where n = 1 , 2, 3, 4. 5, 6, and 7. The method for applying 
the mean voltage to a pixel by utilizing the characteristics of the low-pass filter is described in detail in Japanese 
Laid-Open Patent Publication No. 6-27900. 

so 
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Wherein n = 0, 1, 2. 3, 7 



As described above, according to the driving circuit of this example, it is possible to generate 31 kinds of 
55 intermediate voltages between the paired gray-scale voltages. Accordingly, 9 kinds of gray-scale voltages re- 
sult in a display of an image with 256 gray scales. In addition, according to the driving circuit of this example, 
a large number of oscillating signals can be generated based on a smaller number of oscillating signals, so 
that it is possible to reduce the number of lines for supplying the oscillating signals to the selection control cir- 
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cuit As a result, the driving circuit of this example has a simplified configuration, as compared with the con- 
ventional driving circuit or the driving circuit of Example 1. 

In this example, the number of the oscillating signals to-U has been assumed to be equal to the number 
of lower bits (i.e., 5) used for specifying the oscillating signal T of the 8-bit video data. However, the invention 
5 is not limited to this specific case. For example, some of the oscillating signals to-U can be omitted, because 
the omitted oscillating signal(s) can be generated by repeatedly using the remaining oscillating signals. Also, v 
the duty ratio of the oscillating signal is not limited to the above-described example. 

Example 3 

10 

As described above, the driving circuit in Example 2 outputs an oscillating voltage which oscillates between 
the gray-scale voltage and the gray-scale voltage V^, in accordance with the video data having the max- 
imum value of 255 which can be represented by 8 bits. As a result, intermediate voltages between the gray- 
scale voltage V224 and the gray-scale voltage are applied to the pixel. 
15 Example 3 describes a driving circuit which directly outputs the gray-scale voltage V 25 6 in accordance with 

the video data having the maximum value of 255 which can be represented by 8 bits. 

The configuration of the driving circuit in this example is identical with that of the driving circuit shown in 
Figure 11 except for the oscillating signal generation circuit The oscillating signal generation circuit satisfies 
the following equation. 

20 T = [255]bar (d 0 t<> + d^ + d 2 t 2 + d 3 t 3 + d 4 t*) + [255], (27) 

where [255]= d r d 6 -d 5 -d4-d3-d 2 -d 1 -do 

According to Equation (27), when the value of the video data is 255, the value of the variable T is 1, so 

that only the value of the control signal S 256 is 1 on the basis of Table 4. As a result, only the analog switch 

ASW S is turned ON, so that only the gray-scale voltage is output. Accordingly, it is possible to clearly dis- 
25 tinguish the gray scales in the case where the video data has the value of 255 from the gray scales in the case 

where the video data has the value of 254. Therefore, it is possible to increase the contrast (the maximum gray 

scale / the minimum gray scale) of the image displayed on the display apparatus. 

Figure 17 shows an example in which the oscillating signal generation circuit is implemented as a logical 

circuit. However, the configuration of the oscillating signal generation circuit is not limited to that shown in Fig- 
30 ure 17. The oscillating signal generation circuit can have any desired configuration, so far as the logical circuit 

satisfies the logical equation expressed as Equation (27). 

According to the driving circuit of this example, it is possible to reduce the number of oscillating signals, 

as in the driving circuit of Example 2. Therefore, it is possible to reduce the number of lines for supplying the 

oscillating signals to the selection control circuit. Such effects are remarkably attained in cases where the in- 
35 vention is applied to a driving circuit for a display with multiple gray scales such as an 8-bit data driver for the 

following reasons. 

According to the conventional design concept, the 8-bit data driver necessitates 16 oscillating signals. On 
the other hand, the 8-bit data driver of Examples 2 and 3 only requires five oscillating signals to-t*. These os- 
cillating signals are required to be supplied to all of the selection control circuits provided in the data driver, 

40 so that the lines for supplying the oscillating signals to the selection control circuits are disposed over the entire 
LSI to which the data driver is mounted. Accordingly, the reduction of the number of lines for supplying the os- 
cillating signals to the selection control circuits largely contributes to the miniaturization of the LSI chip. In ad- 
dition, the oscillating signals are signals which are always operating, so that the reduction of the number of 
oscillating signals may result in the reduction of power consumption. 

45 In cases where the invention is applied to a 6-bit data driver, the required number of oscillating signals is 

reduced from four to three. 

As described above, the data drivers of Examples 2 and 3 have at least two features. The first feature is 
that a plurality of oscillating signals are generated by a simple logic operation with respect to the original os- 
cillating signals. The plurality of oscillating signals are generated by an oscillating signal generation circuit 

so The second feature is that the plurality of generated oscillating signals are used as parameters for defining 
the mean value of the oscillating voltage which oscillates between a pair of gray-scale voltages. Due to these 
features, the driving circuits of Examples 2 and 3 have an advantage in that the size of logical circuits for all 
of the selection control circuit can drastically be reduced. The advantage is described below in detail. 

Figures 18, 19, and 20 show configurations of a selection control circuit in the 6-bit data driver according 

55 to the invention. Table 6 shows the logical table for defining the operation of the selection control circuit When 
the configuration of the 8-bit data driver shown in Figures 12, 15, and 16 is compared with the configuration 
of the 6-bit data driver shown in Figures 18,19, and 20, it is found that they are identical with each other except 
for the oscillating signal generation circuit. This is because the logical table (Table 4) of the selection control 
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circuit for 8 bits has the same format as that of the logical table (table 6) of the selection control circuit for 6 
bits. From the logical tables, in this example, it is found that the required number of gray-scale voltages in the 
selection control circuit for 8 bits is equal to the required number of gray-scale voltages in the selection control 
circuit for 6 bits. In this example, the number of gray-scale voltages is 9. 
5 As described above, according to the invention, the selection control circuit for 8 bits can be realized in 

the same size as that of the selection control circuit for 6 bits. According to the conventional technique, the * x 
selection control circuit for 8 bits had the size which was at least several times as large as that of the selection 
control circuit for 6 bits. Thus, the size reduction effect for the selection control circuit according to the invention 
is significantly great, because the data driver has a plurality of outputs and each of the outputs requires a se- 
tt) lection control circuit. By reducing the size of the selection control circuit, the cost for the entire data driver 
can be greatly decreased. For example, as the result of the conventional design concept it was difficult to 
provide the 8-bit data driver at a reasonable price. According to the invention, such an 8-bit data driver can be 
provided at a reasonable price for the first time. 

For the above-described reasons, as the invention is applied to a data driver for realizing a larger number 
is of gray-scales, the size reduction effect for the selection control circuit according to the invention becomes 
greater. 
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In addition, when the configuration of the selection control circuit in the 6-bit data driver shown in Figures 
18, 19, and20 is compared with the configuration of the selection control circuit in the conventional 6-bit data 
driver shown in Figures 24 and 25, the former circuit is much more compact than the latter circuit 

In the above-described examples, the interpolation is started with the gray scale 0 and performed from 
the gray scale 1. Alternatively, the interpolation may be performed in a reversed sequence. For example, the 
interpolation is started with the gray scale 255 and performed from the gray scale 254. In this case, in the driving 
circuit of Example 3, the variable T is defined so that the gray-scale voltage V 0 is directly output when the value 
of the video data is 0. 

According to the invention, it is possible to obtain one or more interpolated voltages from voltages supplied 
from given voltage sources, whereby the number of voltage sources can be greatly decreased as compared 
with a conventional driving circuit which requires a large number of voltage sources. If the voltage sources are 
provided from the outside of the driving circuit, the number of input terminals of the driving circuit can be re- 
duced. If the driving circuit is constructed as an LSI, the number of input terminals of the LSI can be reduced. 
According to the invention, it is possible to realize a driving LSI for displaying an image with multiple gray scales 
which could not be realized by the prior art example because of the increase in the number of terminals. In the 
present invention, the following effects can be attained: (1) the production cost of a display apparatus and a 
driving circuit are largely reduced; (2) a driving circuit for multiple gray scales which could not be practically 
produced due to the chip size or the LSI installation can be readily produced; and (3) the power consumption 
is decreased because a large number of voltage sources are not required. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con- 
strued. 
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Claims 

1 . A driving circuit for driving a display apparatus which includes pixels and data lines for applying' voltages 
to the pixels and which displays an image with multiple gray scales in accordance with video data con- 
sisting of a plurality of bits, the driving circuit comprising: 

oscillating signal generating means for receiving a plurality of original oscillating signals and for 1 
generating an oscillating signal T from the plurality of original oscillating signals in accordance with a value 
represented by bits selected from the plurality of bits of the video data; 

inversion means for producing an oscillating signal T-bar by inverting the oscillating signal T; 

gray-scale voltage specifying means for producing gray-scale voltage specifying signals which 
specify a first gray-scale voltage and a second gray-scale voltage among a plurality of gray-scale voltages 
supplied from gray-scale voltage supply means, in accordance with a value represented by bits other than 
the selected bits of the plurality of bits of the video data; and 

output means for outputting the first gray-scale voltage and the second gray-scale voltage speci- 
fied by the gray-scale voltage specifying signals to the data lines, in accordance with the oscillating signal 
T and the oscillating signal T-bar, 

wherein each of the plurality of original oscillating signals has one of a first level value and a second 
level value, respective periods in which the plurality of original oscillating signals have the first level value 
in one cycle being different from each other, respective lengths of the periods in which the plurality of 
original oscillating signals have the first level value in one cycle being weighted in accordance with cor- 
responding bits of the plurality of bits of the video data. 

2. A driving circuit according to claim 1 , wherein the first gray-scale voltage and the second gray-scale vol- 
tage are adjacent ones of the plurality of gray-scale voltages. 

3. Adriving circuit according to claim 1, wherein the plurality of oscillating signals have respective duty ratios 
which are different from each other. 

4. A driving circuit according to claim 3, wherein at least one of the plurality of oscillating signals is an inverted 
signal which is obtained by inverting another one of the plurality of oscillating signals. 

5. Adriving circuit according to claim 3, wherein the plurality of oscillating signals include oscillating signals 
having duty ratios of 8:0, 7:1, 6:2, 5:3, 4:4, 3:5, 2:6, and 1:7, respectively. 

6. A driving circuit according to claim 1 , wherein the video data consists of (x+y) bits, where each of x and 
y is a positive integer, 

the gray-scale voltage specifying means produces (2 X +1) kinds of gray-scale voltage specifying 

signals for specifying 2 X pairs of a first gray-scale voltage and a second gray-scale voltage among the 

plurality of gray-scale voltages, 

the oscillating signal generating means generates 2* kinds of oscillating signals T, whereby 
(2M) intermediate voltages of levels different from each other are generated between the first 

gray-scale voltage and the second gray-scale voltage specified by the gray-scale voltage specifying 

means, thereby displaying an image with 2< x+ v> gray scales. 

7. A driving circuit according to claim 1, wherein the number of the plurality of original oscillating signals is 
equal to the number of the selected bits among the plurality of bits of the video data. 

8. A driving circuit for driving a display apparatus which includes pixels and data lines for applying voltages 
to the pixels and which displays an image with multiple gray scales in accordance with video data con- 
sisting of a plurality of bits, the driving circuit comprising: 

control signal generating means for generating a plurality of control signals in accordance with vid- 
eo data consisting of a plurality of bits; and 

a plurality of switching means, each of the plurality of switching means being supplied with a cor- 
responding one of the plurality of control signals and a corresponding one of a plurality of gray-scale vol- 
tages generated by gray-scale voltage generating means, the gray-scale voltage supplied to the switching 
means being output to the data lines via the switching means in accordance with the control signal supplied 
to the switching means, wherein the control signal generating means includes: 

oscillating signal generating means for receiving a plurality of original oscillating signals and for 
generating an oscillating signal T from the plurality of original oscillating signals in accordance with a value 



20 



EP 0 655 726 A1 



represented by bits selected from the plurality of bits of the video data; 

inversion means for producing an oscillating signal T-bar by inverting the oscillating signal T; 

gray-scale voltage specifying means for producing gray-scale voltage specifying signals which 
specify a first gray-scale voltage and a second gray-scale voltage among a plurality of gray-scale voltages 
supplied from gray-scale voltage supply means, in accordance with a value represented by bits other than 
the selected bits of the plurality of bits of the video data; and 

output means for outputting a first control signal which oscillates at a duty ratio substantially equal 
to that of the oscillating signal T to the switching means which are supplied with the first gray-scale voltage 
specified by the gray-scale voltage specifying signals and for outputting a second control signal which 
oscillates at a duty ratio substantially equal to that of the oscillating signal T-bar to the switching means 
which are supplied with the second gray-scale voltage specified by the gray-scale voltage specifying sig- 
nals, 

wherei n each of the plurality of original oscillating signals has one of a first level value and a second 
level value, respective periods in which the plurality of original oscillating signals have the first level value 
in one cycle being different from each other, respective lengths of the periods in which the plurality of 
original oscillating signals have the first level value in one cycle being weighted in accordance with cor- 
responding bits of the plurality of bits of the video data. 

9. A driving circuit according to claim 8, wherein the first gray-scale voltage and the second gray-scale vol- 
tage are adjacent ones of the plurality of gray-scale voltages. 

10. A driving circuit according to claim 8, wherein at least one of the plurality of oscillating signals is an inverted 
signal which is obtained by inverting another one of the plurality of oscillating signals. 

11. A driving circuit according to claim 8, wherein the plurality of oscillating signals include oscillating signals 
having duty ratios of 8:0, 7:1, 6:2, 5:3, 4:4, 3:5, 2:6, and 1:7, respectively. 

12. A driving circuit according to claim 8, wherein the video data consists of (x+y) bits, where each of x and 
y is a positive integer, 

the gray-scale voltage specifying means produces (2 K +1) kinds of gray-scale voltage specifying 

signals for specifying 2* pairs of a first gray-scale voltage and a second gray-scale voltage among the 

plurality of gray-scale voltages, 

the oscillating signal generating means generates 2* kinds of oscillating signals T, whereby 
(2>-1) intermediate voltages of levels different from each other are generated between the first 

gray-scale voltage and the second gray-scale voltage specified by the gray-scale voltage specifying 

means, thereby displaying an image with 2<* + y> gray scales. 

13. Adriving circuit according to claim 8, wherein the number of original oscillating signals is equal to the num- 
ber of the selected bits of the plurality of bits of the video data. 

14. A driving circuit according to claim 8, wherein the switching means is an analog switch. 
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